The growing release of organic contaminants into the environment due to industrial processes has inevitably increased the incidence of their exposure to humans which often results in negative health effects. Microorganisms are also increasingly exposed to the pollutants, yet their diverse metabolic capabilities enable them to survive toxic exposure making these degradation mechanisms important to understand. Fungi are the most abundant microorganisms in the environment, yet less has been studied to understand their ability to degrade contaminants than in bacteria. This includes specific enzyme production and the genetic regulation which guides metabolic networks. This review intends to compare what is known about bacterial and fungal degradation of toxic compounds using benzo(a)pyrene as a relevant example. Most research is done in the context of using fungi for bioremediation, however, we intend to also point out how fungal metabolism may impact human health in other ways including through their participation in microbial communities in the human gut and skin and through inhalation of fungal spores.
Introduction
Understanding the mechanisms used by fungi to degrade organic compounds has applications in many environmental and human health related fields, with bioremediation being the most obvious. The increased release of contaminants into the environment make it inevitable that fungi encounter these compounds more frequently, yet our knowledge of how they interact is largely unknown. In contrast, most research has focused on bacterial degradation of contaminants.
The abundance and diversity of fungi across the planet is astounding, estimated as being the second most abundant kingdom behind arthropods (Ødegaard, 2000) ; Blackwell, 2011) . Fungi make up to 75% of soil biomass (Ritz and Young, 2004) , and yet only around 100,000 of an estimated 1.5 million fungal species have been described (Stajich et al., 2017) . In addition to understanding how degradation mechanisms in fungi function in the environment, this information might then be applied to understanding how eukaryotic microbes in the human gut and skin metabolize compounds, and the potential impact on human exposure risks.
Bioremediation has been a technique of interest for many years because of its potential low cost, high efficiency removal of toxic contaminants from soil and water. It represents an environmentally friendly solution to the problem of industrial production posing a threat to human health. Bioremediation relies on the metabolism of hazardous compounds by plants and/or microorganisms, leaving by-products in the environment which are no longer toxic. During the process of contaminant removal, microorganisms and plants recolonize soils bringing nutrients and structure back to the soil, which creates potential for further agricultural and industrial use. Metabolic removal may be driven by the organism's energy needs, detoxification mechanisms, or the fortuitous nature of non-specific enzymes.
Although bioremediation shows a lot of promise, significant advances in sophisticated implementation have not been accomplished. There is some doubt as to whether microorganisms can meet expectations regarding contaminant removal. Not all bacteria and fungi can survive these challenging environments, especially in competition with native colonies that have been selected by fitness, not necessarily by efficient removal of contaminants. Saprophytic fungi are most promising because of their metabolic diversity, and abundance in soils (Harms et al., 2011) .
Fungi have a unique set of ecological features which make them promising candidates for use in bioremediation strategies. In this review we intend to give an overview of the potential of using fungi for bioremediation, and by specifically focusing on remediation of benzo(a)pyrene we highlight the current research gaps in biochemical and genetic control of this contaminant's removal from the environment. We also address how this knowledge may be applied to other fields, such as the growing awareness of eukaryotic organisms which reside on and in us.
Bioremediation techniques
The United States Environmental Protection Agency (U.S. EPA) has implemented bioremediation techniques for various contaminated sites for over 20 years, with mostly positive results (United States Environmental Protection Agency, 2001). Technologies have changed over the years to increase efficiency and reduce costs. Strategies differ depending on the extent and characteristics of contaminating compounds. Techniques range in extent of intervention from simply waiting for native colonies to degrade contaminants, to adding water, nutrients and even non-native organisms to encourage robust growth and contaminant degradation. Techniques also range in cost often positively correlating with level of intervention (Fig. 1) .
The site of removal has changed over time from predominantly ex situ to in situ remediation methods (Kensa, 2011) . Ex situ bio-stimulation remediation involves removal and containment of contaminated material which is turned and/or composted to allow aeration and addition of amendments while, when necessary, capturing toxic, volatile intermediates. This method costs more in labor and equipment with projects costing an average of $300/ cubic yard. In situ methods are designed to pump oxygen and nutrients directly into the contaminated site, and generally cost less, with projects costing less than $40/cubic yard (United States Environmental Protection Agency, 2001) (Fig. 1) .
Bioaugmentation strategies are becoming more appealing because they allow for control of microbial communities, which are more metabolically active toward a given contaminant. Bioaugmentation is the addition of specific organisms to a site which allows for catering to the given characteristics of the contaminant and the site (Fig. 1) . This method shows promise, especially since advances in 'omics' research approaches have become more available and allow us to comprehensively understand the mechanisms of degradation abilities (El Amrani et al., 2015) . Research methods like transcriptomics, genomics, proteomics, and metabolomics not only reveal if a contaminant can be degraded by a given organism, but they also reveal complex mechanisms and consequent products of metabolism. These insights can yield important proteins and molecular mechanisms, which can be optimized to further improve efficiency and reduce cost. Additionally, the complex interactions of microbes in contaminated sites can be more fully understood with 'omics' approaches yielding cooperative communities of organisms which may more efficiently degrade contaminants.
Unique characteristics of fungi
Despite not yet fully understanding the complexities of microbial metabolism, many microorganisms are well suited to metabolize complex organic compounds in the environment. Organic waste, including natural sources such as dead plant material, are mainly degraded biotically by saprophytic bacteria and fungi, which play a critical role in carbon cycling (Mäkelä et al., 2014) . Although saprophytic fungi and bacteria play similar roles in the environment, the methods that they employ are very different.
Bacteria are predominantly single celled organisms, which reproduce by cell division, rapidly expanding into their environment in order to utilize available nutrients. Filamentous fungi on the other hand, grow as interconnected networks of cells called hyphae, which structurally resemble the growth of plant roots (Fig. 2) . Although their growth tends to be slower than bacteria, their connected nature allows them to grow across areas of low water activity and nutrient depletion (Harms et al., 2011) . Individual cells measure only 2~10 µm, but as a whole network can extend over hundreds of acres. For instance, the largest known living organisms is a network of Armillaria solidipes which extends 3.8 km in the Blue Mountains in Oregon (Ferguson et al., 2003) . The pressure inside of a hyphal cell growing 20 µm -1 is up to 600
kPa, approximately the same pressure inside a bike tire, is maintained by a biochemically unique cell wall made of chitin and glucans (Lew, 2011) . Rigidity in bacterial cell walls are provided by peptidoglycans, and can maintain slightly less turgor pressure estimated to be between 100 and 300 kPa (Scott Cayley et al., 2000; Deng et al., 2011) . The amount of pressure within fungal cell walls allow for penetration into rock surfaces, granting access to compounds sorbed to organic surfaces and assists in shaping soil structure (Bornyasz et al., 2005) . Fungi and bacteria both produce biosurfactants which can assist in accessing compounds sorbed to organic surfaces, but fungi tend to produce more perhaps because high concentrations of biosurfactants can disrupt the less robust cell wall of bacteria (Cooper and Paddock, 1984; Desai, 1987) .
Both saprophytic fungi and bacteria contain a plethora of metabolically diverse enzymes, which are able to transform complex organic molecules into smaller, and often times less toxic compounds. Understanding the genetic control of these metabolizing enzymes is an important factor in effectively using microbes for bioremediation in order to produce of enzymes on a large scale, or to manipulate strains to more efficiently degrade contaminants. Advances in molecular techniques have increased our knowledge of bacterial and fungal genetic regulation and have demonstrated differences between these organisms.
Bacterial genomes tend to be small, between 100 and 15,000 kbp (Ochman and Caro-Quintero, 2016) , so fitness instead relies on the transfer of plasmid DNA in order to quickly adapt to environmental stresses and diverse carbon sources (Norman et al., 2009) . Plasmid DNA can be transferred between bacteria of different species, and in extreme cases different kingdoms, through conjugation ( Fig. 3 ). This allows fast transfer of DNA encoding contaminant degrading enzymes in a contaminated site. Regulation of these catabolic pathways occur specifically or globally. Specific regulation occurs when a compound or group of structurally similar compounds directly interact with regulatory proteins encoded in the plasmid itself in order to induce transcription (Carbajosa and Cases, 2010) . However, this is not always a simple event, as regulatory proteins may act synergistically or antagonistically with other pathway containing plasmids. Interaction with the host physiological response constitutes a global regulatory mechanism. This global transcriptional regulation incorporates the host's nutrient status and stress response proteins into regulatory binding sites that promote or repress the expression of contaminant degrading operons de Lorenzo, 2001, 2005) . The competitive contaminated site encourages newly evolved metabolic pathways to respond to the hosts nutrient and stress status in order to allocate energy efficiently, from constitutive to conditional expression (Cases and de Lorenzo, 2001) . For example, the regulatory protein ClcR which activates the degradation of 3-Cl catechol, which can be used as a carbon source, is directly inhibited by the tricarboxylic acid (TCA) cycle intermediate fumarate, in order to limit expression of degradative machinery to environments where there isn't a more favorable source of energy (McFall et al., 1997) . This is probably quite common of organic contaminant degrading operons, as only a few mutations of the regulatory protein are required in order to respond to TCA cycle intermediates (Cases and de Lorenzo, 2001) .
Fungal genomes tend to be larger than bacterial genomes, 8000-180,000 kbp (Mohanta and Bae, 2015) in length and contain more transcription factors and controllable steps which are critical to survival in a diverse set of environments. Survival in harsh conditions relies on the tight orchestration of expressing a diverse set of genes (Fig. 3) . These survival mechanisms include resilience to environmental stressors, efficient reproduction, and stringently regulated carbon utilization. Hierarchical levels of transcription regulatory elements, from pathway specific Zn(II) 2 Cys 6 transcription factors like AraR for arabinose utilization (Battaglia et al., 2014) to Cys 2 His 2 zinc finger global transcription factors such as CreA for carbon signaling Kelly, 1989, 1991) are both needed to balance appropriate expression of degrading enzymes.
Extracellular peroxidase and laccase enzymes degrade a broad set of contaminants, including those larger hydrocarbons that are much more recalcitrant and resistant to bacterial degradation since they do not require uptake by the organism. The genetic regulation of these enzymes has been extensively studied because of the potential to produce them on an industrial scale for use in contaminated sites. Manganese peroxidase and lignin peroxidase, produced by white rot fungi, are responsible for catalyzing lignin degradation, something that is unique to these types of fungi. Lignin, like some organic contaminants, is composed of cyclic hydrocarbons that are resistant to abiotic and microbial oxidation. Peroxidase enzymes have a very high redox potential (1.0-1.5 V) and catalyze the oxidation reaction of the contaminant with H 2 O 2 (Hofrichter et al., 2010) . These enzymes are non-specific and can hence degrade many different compounds (Hammel, 1995; Hofrichter et al., 2010) . The limiting step is the reliance of the reaction on H 2 O 2 , which is inhibited by concentrations too low, and also by concentrations too high (Asgher et al., 2008; Wong, 2009) . These enzymes are produced by basidiomycetes exclusively which are not as amenable to genetic manipulation, hence production of these enzymes in a cost efficient heterologous or homologous system is not simple. Laccases, on the other hand, have a lower redox potential (0.4-0.8 V) but are produced by both basidiomycetes, and ascomycetes (Baldrian, 2006; Couto and Toca-Herrera, 2007; Singh Arora and Dumar Sharma, 2010) . The physiological purpose is to degrade lignin as well as to contribute to other processes such as morphogenesis, pigmentation, and pathogenesis (Singh Arora and Dumar Sharma, 2010; Kues and Ruhl, 2011; Forootanfar and Faramarzi, 2015) . Expression of laccase genes is differentially regulated in response to medium composition, such as metal ions, xenobiotics and nutrient concentrations. Various cis-acting responsive elements have been identified in laccase promoter regions. These include metal response element (MREs), xenobiotic response elements (XREs), ACE1 copper-responsive transcription factor binding sites (ACE1), antioxidant response elements (AREs), heat shock response elements (HSEs), CreA binding sites (CreA), and NIT2 binding sites (NIT2) (Piscitelli et al., 2011; Janusz et al., 2013) (Fig. 3) .
Intracellular mechanisms are also used by fungi in order to degrade exogenous compounds. Cytochrome p450 mono-oxygenases (CYPs) are generally more abundant in eukaryotic fungi than in prokaryotes and animals, although in all kingdoms are more abundant in organisms which are pathogenic or live in soil (Table 1 ). The function of many in fungi are not yet known (S. L. Kelly and Kelly, 2013) , although some have been shown to oxidize polycyclic aromatic hydrocarbons (PAHs) and dioxins (C.E. Cerniglia and Sutherland, 2010; Kasai et al., 2010) . CYPs are known to demonstrate substrate promiscuity (Nath and Atkins, 2008) , so these enzymes may help both ligninolytic and non-ligninolytic fungi metabolize a wide range of xenobiotics. Some fungi are capable of producing both extracellular and intracellular enzymes for degradation, so which mechanism the fungi utilizes is dependent on environmental signals. The model white rot fungus Phanerochaete chrysoporium seems to preferentially express peroxidase enzymes in nutrient limited media, and CYPs in nutrient sufficient media (Syed et al., 2010) . The regulatory mechanisms which guide this process will be important for understanding how fungi will behave in a given contaminated site, but this has not yet been investigated.
Because the literature is too extensive to fully describe and compare mechanisms used by fungi and bacteria to degrade all environmental contaminants, one particular compound, benzo(a)pyrene (BaP) will be discussed as a case study. BaP represents an abundant contaminant whose prevalence and toxicity make it a contaminant of concern.
A case study: Benzo(a)pyrene
The amount of literature on BaP degrading microorganisms is extensive, with numerous reviews summarizing the organisms and degradation products of microorganisms, as well as the major enzymatic pathways utilized by bacteria. This section is intended to highlight the major trends in the literature, as well as mention some gaps in our knowledge that may be important in understanding environmental and human health.
BaP is a five ring PAH, which is considered a high molecular weight (HMW) PAH. BaP is formed by the incomplete combustion of organic compounds. Although there are natural sources of BaP like forest fires and volcanoes, increasing industrial use and combustion of petroleum has (Saito et al., 1978) , and beauty products which contain mineral oil (Grob et al., 1991) . These sources are likely to interact with bacterial and fungal communities found on the skin and in the gut, yet the consequences are not known. BaP is relatively resistant to degradation due to its low bioavailability and the high oxidation state of carbon. BaP has a large octanol water partition coefficient, i.e., it is preferably bound to organic matter in soils rather than in aqueous solution (Sims and Overcash, 1983) . This lowers the bioavailability of the compound, although as mentioned biosurfactant producing microbes gain access more readily. The carbon in BaP also has a high oxidation state making it less preferable to be used as a source of energy by microorganisms due to the large amount of energy needed to break carbon-carbon bonds (Rentz et al., 2008) . Most microorganisms that degrade BaP hence tend to co-metabolize the compound with the addition of another carbon source needed for production and induction of necessary enzymes.
Bacteria
Reports have been published on the ability of bacterial strains to degrade BaP since the 1970s (Barnsley, 1975) . To our knowledge, degradation of BaP has not been studied in any model bacterial species, but instead focus on strains which have been isolated from sites contaminated with PAHs, indicating there is strong selective pressure in the environment for PAH degradation. The research question that remains is how 'willing' are bacteria to degrade large PAHs like BaP, as these compounds are more recalcitrant and require more oxidizing energy to transform. Although bacteria are capable of utilizing low molecular weight PAHs as a carbon and energy source, HMW PAHs are generally more resistant to microbial degradation (Kanaly and Harayama, 2000) . It was previously recognized that bacteria cannot utilize BaP as a substrate for growth, although two reports now show evidence that bacterial strains isolated from a contaminated site and human skin can (Kaushish Lily et al., 2009; Sowada et al., 2014) . It is more well known that bacteria can co-metabolize BaP with the addition of salicylate, succinate, other low molecular weight (LMW) PAHs, or other complex nutritional supplements to the medium. These additions are necessary for carbon source and growth; also to replenish electrons in NADH coenzymes and induce PAH degrading enzymes (Rentz et al., 2008) . Although additional carbon sources are needed, some of these bacterial species can mineralize BaP producing non-toxic CO 2 as a byproduct. Table 2 is a summary of some of the more well studied BaP bacterial degraders, including inducing conditions, and metabolites formed. Although minor deviations exist, the general pathway for bacterial degradation consists of the rate limiting initial oxidation by dioxygenase to cisdihydrodiol (C. Cerniglia, 1992) , the formation of catechols by cis-dihydrodiol dehydrogenase, which becomes a substrate for other dioxygenases that form ring cleavage products (Atlas, 1981 ; D.T. Gibson and Subramanian, 1984) (Fig. 4) . These products could then be either excreted or shuttled into pathways that metabolize smaller PAHs which are eventually converted into succinic, fumaric, pyruvic and acetic acids and aldehydes, all of which are utilized by the micro-organism for the synthesis of cellular constituents and energy (Wilson and Jones, 1993) .
Regulation of the BaP pathway is not completely known, and there is some question as to whether or not genes responsible for HMW PAH degradation are found on large mega-plasmids or chromosomally (Obayori and Salam, 2011) . One study showed BaP degrading genes from Bacillus subtilis BMT4i are contained chromosomally, although it is not known how common this is in HMW PAH degrading bacteria (Kaushish Lily et al., 2010) . Alternatively, PAH-catabolic genes from Pseudomonas species, called the nah-like genes have been extensively studied. These genes are responsible for utilizing low molecular weight (LMW) PAHs (4 rings or less) as sources of carbon and include catabolic genes which incorporate metabolites into primary metabolism (Habe and Omori, (2003) ). BaP degrading dioxygenases are described in Mycobacterium vanbaalenii PYR-1 leading to initial ring cleavage products (Moody et al., 2004) . If bacterial species are capable of utilizing BaP as a source of carbon, these ring cleavage metabolites may be shuttled into pathways responsible for LMW PAH degradation. It is also likely that some bacteria transform BaP into metabolites which can then be excreted.
Another interesting finding which may start a new area of study was bacteria isolated from human skin, predominately M. luteus, is capable of utilizing BaP as a carbon source, with no indication if the intermediates may cause oxidative damage, or carcinogenic effects to the host (Sowada et al., 2014) . It is unknown if products of BaP degradation with cis conformations are less toxic than those metabolized by eukaryotes, so questions about human exposure to toxic metabolites from bacteria residing on the skin remain.
Fungi
Much less is known about fungal degradation of benzo(a)pyrene, but it is clear fungi utilize enzymes which are different from bacteria in order to degrade HMW PAHs like BaP. Many papers published on BaP degrading fungal species are isolated from contaminated sites indicating that selective pressure also acts on fungal degradation mechanisms. It is also clear, however that the model white not fungus P. chrysosporium has the innate ability to degrade BaP perhaps given its ecological niche as a lignin degrader (Syed and Yadav, 2012) ). The distinguishing features of BaP degradation by fungi are whether degradation occurs extracellularly by peroxidase enzymes, or whether it is degraded intracellularly by monooxygenases. The former pathway leads to BaP mineralization (Bumpus et al., 1985) ) while the latter pathway leads to water soluble metabolites which are more susceptible to abiotic degradation and biotic degradation by other microorganisms like bacteria (Cerniglia et al., 1980) . Since fungi are required to genetically respond to environmental signals in order to orchestrate nutrient acquisition, fungal species like P. chrysosporium are able to metabolize BaP by multiple mechanisms depending on the culturing conditions (Syed et al., 2010) . Table 3 summarizes some BaP metabolizing fungal species, as well as the culturing methods used, and metabolites formed. While this is not a comprehensive list, it provides give examples of fungal BaP metabolism.
CYPs in fungi are of particular interest because they play a role in many important areas including synthesis of (Ye et al., 1995) Stenotrophomonas maltophilia VUN 10,010
Grown on pyrene CO 2 (Boonchan et al., 2000) secondary metabolites and degradation of antimicrobials. The genomes of soil dwelling fungi tend to encode many more CYP genes than higher eukaryotes (Table 1) , the function of many are not yet know (Yadav et al., 2006) . Interestingly, only two studies have shown the direct role of a specific CYP, by induction with BaP and in vitro metabolism (S.L. Kelly et al., 1997; Syed et al., 2010) . The utilization of CYPs to degrade BaP produce trans-dihydrodiol metabolites similar to those produced by higher eukaryotes including humans. These metabolites are more toxic than the parent compound so there is concern that fungal metabolism may increase risks to human health. These metabolites are conjugated to compounds such as sulfuric and glucuronic acids, which suggests detoxification mechanisms similar to humans indicating the conserved function of CYPs as part of a detoxification system (Cerniglia et al., 1980) . In light of bacterial degradation of BaP on skin, it is possible fungi residing on skin or in the gut may also be metabolizing BaP, and hence expose humans to more cancer-causing compounds than previously thought. Another area of research which points to potential negative health consequence is the role of BaP uptake and sporulation by fungi. BaP is known to alter the immune response in mammalian systems (Silkworth et al., 1995) , and effective clearance of fungal spores relies on an correctly balanced adaptive immune response (Rivera et al., 2006) . Filamentous fungi produce billions of spores that are inhaled by humans and are known to cause invasive growth and sensitization to allergic responses (Osborne et al., 2006; Badiee and Hashemizadeh, 2014) . Uptake of BaP into hyphae was shown in Fusarium solani (Fayeulle et al., 2014) , yet the fate in vegetative cells and possible transport into reproductive bodies has not been explored. If the relatively metabolically inactive spores contain BaP from the environment, humans who live near contaminated areas may be introduced to spores which may be more damaging. These questions have not yet been addressed, and insights could lead to necessary changes in contaminant management.
Conclusion
Bacteria and fungi are both capable of metabolizing a wide range of organic compounds, yet the mechanisms they use, metabolites they produce, and efficiency of degradation are very different. This is demonstrated by Fig. 4 . Metabolism of benzo(a)pyrene by bacteria and fungi. Fungal metabolism is depicted using two possible mechanisms; intracellularly through cytochrome p450 (CYP) and epoxide hydrolase (EH) or through extracellular peroxidase formation. Peroxidase formation is unique to ligninolytic basidiomycetes whereas CYP mediated degradation is widely distributed in the fungal kingdom.
degradation of a known toxic contaminant, BaP (Fig. 4) . Bacteria need sufficient growth substrates in order to metabolize BaP efficiently, yet the metabolites of degradation tend to be less toxic to humans. Fungi are capable of metabolizing BaP using several mechanisms depending on growth conditions. The metabolites produced by degradation are similar to those produced by mammalian systems, which are known carcinogens. How this might impact human health is still unclear, and how microbes and the products of their metabolism interact with one another is being revealed thanks to 'omics' approaches. Synergy is seen in communities of degrading microorganisms, as cross kingdom communities are more effective at complete removal of contaminants like BaP (Boonchan et al., 2000) . Additionally, the use of genetically engineered organisms which have enhanced degradation mechanisms (Kumar et al., 2013) ), and expression of degradation pathways in heterologous expression systems also hold promise for faster and more efficient degradation (Copley, 2009 ). Both of these techniques require further investigation in order to implement them in contaminated sites.
Removal of BaP from the environment is undoubtedly beneficial, yet metabolism by communities residing in the microbiome may expose humans to toxic metabolites more frequently than previously thought. Human populations who live near contaminated sites may be exposed to additional pollution due to fungi or bacteria which uptake contaminants and then reproduce through sporulation which contain sequestered contaminants. More research is needed to address these concerns. 
Phanerochaete chrysoporium
Nitrogen limited media Lignin peroxidase benzo(a)pyrene-1,6-dione (Barclay et al., 1995) , (Bumpus et al., 1985) ), (Hammel, 1995) benzo(a)pyrene-3,6-dione benzo(a)pyrene-6,12-dione veratryl alcohol CO 2 Phanerochaete chrysoporium
Nitrogen sufficient media P450 3-hydroxy-benzo(a)pyrene (Syed et al., 2010) Trametes versicolor 2,2 (prm1)-azinobis (3-ethylbenzthiazoline-6-sulfonate) (ABTS) or 1-hydroxybenzotriazole (HBT) Laccase benzo(a)pyrene-1,6-dione (Collins et al., 1996) , (Majcherczyk et al., 1998) benzo(a)pyrene-3,6-dione benzo(a)pyrene-6,12-dione
Pleurotus ostreatus
Wheat straw N/D CO 2 Isolated from contaminated site (Wolter et al., 1997) Saccharomyces cerevisiae semi-anaerobically grown cells
Purified CYP61
3-hydroxy-benzo(a)pyrene Sterol 22-desaturase, cytochrome P45061
(S.L. Kelly et al., 1997) Fusarium solani Sole carbon source benzo(a)pyrene-1,6-dione Stores BaP in vesicles (Rafin et al., 2000) , (Veignie et al., 2002) benzo(a)pyrene-3,6-dione CO 2 
Cunninghamella elegans
Sabouraud dextrose broth Epoxides Presumed CYP activity (Cerniglia et al., 1980) , (C. Cerniglia, 1992) , (C.E. Cerniglia and Gibson, 1979) water soluble sulfate and glucuronide conjugates
Aspergillus ochraceus
Induction by BaP benzo(a)pyrene-9,10-diol (Datta and Samanta, 1988 ) benzo(a)pyrene-4,5-diol benzo(a)pyrene-7,8-diol benzo(a)pyrene-1,6-dione benzo(a)pyrene-3,6-dione 3-hydroxy-benzo(a)pyrene 9-hydroxy-benzo(a)pyrene
